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Abstract - This article presents anadvinced
antenna technology, namely the printedicflectr, iy,
that has the potential for providing ancnhinced
communication capability withrelatively fow  cost,
small size and smallmass. |t has application in the
commercial and military arenas as well asispace

explorat ion.
INTRODUCTION

The printed reflectarray antenna !> or flatielicton
basically consists of a very thin, flat reflccting suifa e
and an illuminating feed. On the reflecting surice,
many printed microsti ip patches or dipoles masbe
implemented without any power divisionnatwork  The
reflectarray feed illuminates the printed clements wwiich
in turn are designed to scatter or re-radiatc the e Jent
field with a planar phase front in a designated doee on
The main beam of the antenna can bc either fixedima
particular direction asina passive systen orcar be
actively scanned to cover a wide hemisphericalyegion
The active scanning may bc accomplished ¢ he
electronically by implanting phase shificisinto the
printed clements or mechanically by uvsing micio
miniature motors underncath them. Because there o
need for low loss power dividing circuitiy [1.
expensive T/R modules and complicated beamifore
arc not nceded. This is the most significant advantip.
of the phased reflectarray when compared to the
conventional phased array. Since a large portion of the

antenna, ¢ xeapt forits feed element, is a flat structure
with low profile, the antenna can be conformally
mounted onto existing structure, such as a building,
ship’s hull, Tand vehicle, spacecrafl, etc. Commercial
application, such as the direct  broadcasting  satellite
(1 BS) sarvice, isagoad example where a flat reflector
cannow be confonmally mounted onto the roof or wall
Of a building or a1caidential house.  For spacecraft
applicstion, the antenna’s flat structure can be much
mor ¢ casily deployed, as compared to a parabolic
reflector, to for malage aperture with relatively small
stowape voluine, Thicie arc other unique applications of
the proted 1eflcctanay For an example, it can be
imtegrated with solararnay cells on a spacecraft to save
real ostate and mass.  Arcflectarray designed with a
confipurable bearn, otherthan a pencil beam, can bc
achicved with asingle feed horn by phasing the patch
clements properly.  Bandwidth and efficiency are two
ver \important per formance characteristics of the
microstriprefiectarray. {"calculations and mcasurements
by severalescarchers have shown that the reflectarray
antenna can achieve abandwidth® around 10°/0 and an
efficicncy?™ 7] between 50% to 70% depending on the

design
ADVANTAGES

‘1'11< advantapes of amicrost rip reflectarray,
when comyared  with a parabolic reflector or a

a)_ Surface

Thereflectan ray’s flat reflecting surface

convenl  ional  artae  many-fold:
mouttable:
can bc flush mounted onto its mounting structure, such
as a mobile vehicle, & spacecraft, or a building. It
requires less supporting structure mass and occupies
less volume as cornupared to a curved parabolic
reflecton. 1 he artenna’s 1e fleeting surface can also be
mountcd conformally onto a slightly curved structure
(cither concave or corvex). The phase deviation of the
slightly curved stracture can be compensated for in the

design of cach patch clament’s delay phase,  b)



Scannable beam: The main beam of the antennacanbe
designed to point at alarge fixed angle (up to 60“) 110
the broadside direction, while the parabolic rcflc:ton
have only limited beam scan (afc\v beamwidths) 1 e
main beam of the microst rip reflectarray ¢ inhe
electronically scanned by implanting phase shificisinio
the phase delay lines as shown inliguic 1 o
mechanically scanned” by miniature motors as depicted
in Figure 2. With the mechanical scanning techngue,
complicated beamformer and high-cost T/R module- aie
¢) High_ reliability:
printed elements in the reflectarray are 1solated trom

no longer needed. Since alt the
each other, the failure of a few elements mayhave
insignificant impact on the performance of the antoina
If 1/10 of thciowl
elements fail to function, the antenna gainlossisonly
on the order of 0.5 dB. Graceful degradationin
performance is certainly one significant advantage of

with thousands of elements.

the antenna.  d)._1 .ow_manufacturing cosi e
reflectarray, being in the form of a printedncictap
antenna, can be fabricated with a simple and if)\\-cost
etching process, especially when produced by ¢
quantitics. €) Very large aperture antenns Dac to the
fact that no power divider is needed in the reflecta iy,
the resistive insertion loss of thousands of nucrostip
patches in the reflectarray is the same as that of i fow
patch elements.  Thus, the reflectarray can aclueve
relatively good efficiency as an electricallylingc ooy
antenna system. f). _Easily deplovable Whin o
deployment mechanism is nceded for a Jarpe apuitnne
antenna, the flat structure of the reflectarion cinbe
folded or unfolded

mechanism. A single or double folding, mcchanismio

by a simple hinge tvp: of

a flat structure is approximately anorderof magitude
simpler than any deployment mcchanisniforacored
parabolic structure and is also more reliable’) b flat
panel folding technique has been commonlyuscedinthe
deployment of solar panels and has showiescellont
reliability.

PERFORMANCE

TH two  most  important  performance
characteristics of the printed reflectarray arc its
efliciency  and bandwidth. The efficiency of the
reflectarray is compatable to that of a parabolic
reflector (50% - 70%)

equivalent losses, such as spillover loss, aperture

Both types of antennas have

Muminationloss. and feed insertion loss. The only loss
of the refleetarray that is not associated with the
parabolic reflector IS its re-radiating element 1oss.
However, for punted clement, such as a single
mictostnp pateh, this lossis generally very small and is
in the order of’s few tenths of a decibel. This small
amount of clement loss holds true across the microwave
and low nnlhimeter wave ficquency bands.  Recent
an  X-band

reflcctarray' ! validate the above prediction.

measwed  results  for microstrip

The bandwidth of a printed reflectarray is
limited by fowr factors™. These arc the element
bandwidth, the element spacing, the feed bandwidth,
and the spatial phase delay.  Among these four, the
spatial phase delay isthe most crucial factor. It is
causad by the path leogth differences between the feed
to the center clements and the feed to the edge elements.
These path length differences can be many multiples of
awavelength As ficquency changes, the phase change
of these pathlength dificiences can be alarge portion of
a wavelength and thiis cause the performance to
degrade.  Caleulotion” I hisshown wae with proper /D
rat ic of the reflector a1y design, a 10'XO bandwidth is
aclhiey able withanantenna aperture diameter of 50
wavelengthis 01 smaller. This bandwidth can be
increased by using 1):11 bal t ime-delay-line approach to
achiey e tharequined phase delay at each clement.

APPITICATIONS

Beeause of islow profile, small mass, and

potentially lower cost, the microstrip reflectarray has




severa attractive applications. One is as a Ku -band
Direct Broadcast Satellite (DBS) anteima ‘1 b flat
reflectarray can be surface mounted onabuilding s wde
wall or rooftop as that depicted in Figure 3, Not only
dots it takeless space, but it is alsoacsthenenily
appealing. Another application is as a | YBSwhile
vehicle antenna. The antenna can be mounted on the
rooftop of a
recreational wvehicle (RV), for satel) ite tele vision

large vehicle, such as a vunoa

reception. The antenna, shown in Figure 4 hisan
elliptical aperture anti is mecchanicallysiceredin
azimuth to track the satellite as the vehiclemoves
about. The elliptical aperture is intended forwida
elevation beamwidth so that slight yalv o1 pitcuntion
of the vehicle will not cause a significant signal fi ke
The third possible application arises from the f.let 1haa
reflectarray can be casily deployed to formnalon pe
aperture for spacc application as that depictedin Lip e
5. The deploying mechanism can be the simple felding
type with spring-] oaded hinges, Anothcr vy large
antenna for applicat ion s the

aperture space

reflectarray  in an  inflatable  configuranon with
significantly reduced mass. The flat reflecong thin
membrane sui faces (patches and grou ld 11y w5 e
supported by an inflated, and then rigidizod, tube
structure as shown in Figurc 6. For space orafy
applications, very often both the antenna and the <olar
array pancls arc very large structures  Jt is thos
advantageous to combine the two large structutcsinto
one. Onc technique is to usc the back of the fiint
reflectarray for solar array. However, when both the
solar array and the antenna arc required to bie placc fon
the same side of the panel, the approachof vsing
reflectarray with printed dipoles™, instcad of patchis,
can be used, As illustrated in Figure 7, most of the s
light will penetrate through the dipole and the nie-hiod
ground plane layers and illuminate the soluiziiay
effectively. Another important application iS th i
the amplitude and phasc of the antenna apertuse con by

adjusted by varying the sizes of the patch clements o

by varying the phase delay line lengths, the refiectarray,
as a spacecrafl antenna, can provide configurable
shaped bens for different Earth coverages.  Since
thousands of clements are generally nccded in a
reflectarray withreasonable aperture size, the available
degrees of” ficedomin adjusting the amplitudes and
phascs are much more numerous than in the casc of a
parabolic reflector.  ‘Thus, a configurable beam, as
ilt v stioted in Figure 8§, can bc more preciscly
synthesized and achicved by areflectarray antenna than

by a parabolic reflector.
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Figure ]. Configuration of printed reflcctatiayith

electronic beam scanning capability
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1igures Side-wiull mounting of printed reflectarray
for1)13S application
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Figuie 6. Inflatable large reflectarray for space

apphication
Figure 4. 1.and vehicle usage of printedicflcct:inian
for DBS application
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Liguie 7. Printed dipole reflectarray for integrated
Figure 5. Flatreflectarray as simple deploy 11,1, solar-atray/antenna application

large antenna for space applic ation



